Experiments on puppies \vere carried out during bronchoscopy to ascertain how the principle of intermittent inflation using a highpressure gas source via a needle in the lumen of the bronchoscope could be safely applied to children under relaxant anaesthesia.
scope. This produces a venturi effect (Sanders 19fi7, Spoerel 19{j9, Carden, Trapp and Oulton J!J70) . A piece of equipment based on the same principles has been produced in Melbourne (Figure 1 ). This paper describes experiments performed on puppies to establish principles for the safe application of these techniques in paediatrics. Ventilation, intratracheal pressure and temperature chang~s were studied at different source pressures. METHODS Studies were conducted on puppies weighing 2 to (j kg and later the equipment was used on patients. The puppies were anaesthetized with intravenous pentobarbitone (Nembutal). An infant Negus bronchoscope was inserted with the inflating needle clipped into the end. Three studies were conducted : (a) After the puppies were anaesthetized a needle with a three-way tap attached was inserted into the femoral artery for blood sampling. The needle was kept patent by injecting heparinized saline. Samples were taken breathing air, and after 3,6,9,12 and 15 minutes' ventilation using an oxygen high-pressure source. Measurement of pH, base excess and PaC0 2 (using the Astrup triple pH method) and Pa0 2 were made using radiometer pH and P0 2 electrodes. Eight puppies were studied, two at wall pressure (60--65 psi) and six at 20 psi. A respiratory rate of 30 per minute was used except in Experiments 7 and 8, when it was reduced to 20 per minute. (b) Intratracheal pressure was measured using a series of source pressures. A reducing yalve with an adjustment to vary the pressure delivered was used. The pressures were measured with a Bird Bourdon pressure gauge. A 16-gauge intrayenous catheter was inserted beside the bronchoscope into the trachea and attached directly to a Stratham P23 Db strain gauge and pressures were recorded on an Electronics for Medicine DR8 recorder. Six puppies, weighing 2 kg (3), 4 kg (2) and 6 kg (1), were studied. (c) Temperature changes during 30 minutes' bronchoscopy were measured using oesophageal and rectal thermistor probes. One animal which breathed spontaneously through the bronchoscope was used as a control. Two were ventilated with 20 and two with 50 psi source pressures and the temperature was recorded every five minutes. (d) The final study was the investigation of two children aged three and seven years, who were bronchoscoped under gammahydroxybutyrate-methoxyflurane anaesthesia (Brown 1970 ) and then paralysed with suxamethonium and ventilated using the equipment being tested. Arterial blood samples were taken for blood gas analysis. Air at 20 psi was used as the driving gas.
RESULTS
(a) Blood gas studies. Because base excess varied little, the changes in pH mainly reflected alterations in PaC0 2 • Only the PaC0 2 and Pa0 2 results will therefore be presented.
There was a marked fall in PaC0 2 when wall pressure was used, particularly in the smallest puppy. When 20 psi source pressure was used, mild hyperventilation resulted when the puppies were inflated 30 times per minute, but when the ventilation rate was reduced to 20 per minute PaC0 2 rose gradually (Table 1, Figure 2 ).
Adequate oxygenation was achieved in all puppies when oxygen was delivered from the high pressure source: Pa0 2 was lowest in the smallest puppy at wall pressure and highest in the smallest puppy using 20 psi source pressure ( Table 2 ).
The average Pa0 2 using wall oxygen pressure was lower than when 20 psi source pressure was employed ( Figure 3) . (b) Intratracheal pressure rises with increasing source pressures. This is displayed graphically in Figure 4 .
(c) Temperature changes are illustrated in Figure 5 , which shows that cooling results when inflation from a high pressure source is used. The rate of cooling is more rapid during the first few minutes.
(d) The results of measurements in Patient 1 (three years) are shown in Figure 6 and those in Patient 2 (seven years) are summarized in Table 3 . They show that the venturi attachment using 20 psi source pressure will lower PaC0 2 , but Pa0 2 falls unless oxygen is added to the side-arm when air is used for the highpressure gas source. 
PSI
Anaesthesia for bronchoscopy is complicated by the fact that the procedure involves the airway and at the same time ventilation must be maintained. General anaesthesia using spontaneous ventilation with deep ether was the Anaesthesia and Intensive Care, Vol. I, No. 1, August, classical method employed in children for bronchoscopy, but now gammahydroxybutyratemethoxyflurane (or ether) anaesthesia is the most commonly used method at the Royal Children's Hospital. The use of muscle relaxants and light general anaesthesia has been advocated in some centres with various means of ventilating the patient, including the ventilating bronchoscope, and now the various attachments using intermittent high-pressure inflation to produce a venturi effect. The latter techniques provide a solution to ventilating a paralysed patient during bronchoscopy. However, some care should be employed in using them on children.
These experiments demonstrated that wall pressure (60-65 psi) is not necessary to produce adequate inflation, and in puppies it produces hyperventilation and excessive intratracheal pressures.
A source pressure of 20 psi at 30 breaths per minute maintained a normal PaC0 2 • At 20 breaths per minute the PaC0 2 was slightly raised (Figure 2 ). Pa0 2 was higher when 20 psi source pressure at 30 breaths per minute was used compared with 60 psi. This is probably due to the greater venturi effect of high gas flow. Using a lung model, it was found that air entrainment was about three times greater with 60 psi than with 20 psi. Uneven ventilation associated with the very short inspiratory time could be another contributory factor (Watson 1962). Figure 7 shows intratracheal pressure patterns illustrating the rapid inspiratory flow rate quickly reaching a high peak pressure with the higher source pressures. Intratracheal pressure rose in proportion ot the inflating source pressure. Very high intratracheal pressures are potentially dangerousthey could cause airway or alveolar rupture with the development of complications such as pneumothorax.
PAEDIATRIC BRONCHOSCOPY VENTURI ATTACHMENT Adequate inflation and ventilation wtre maintained with the lower source pressures, and as the intratracheal pressures produced by 20-30 psi source pressure fall within the range commonly used to ventilate patients during anaesthesia it seems reasonable to employ these pressures. The clinical cases discussed maintained PaC0 2 's below 40 mm Hg during inflation with the venturi attachment at a source pressure of 20 psi.
Temperature loss during anaesthesia is greatest in infants-they have a greater surface area: body weight ratio than adults. The majority of children who require bronchoscopy are three years or younger. These studies in puppies demonstrated little change in rectal and oesophageal temperatures during spontaneous ventilation, but inflating with the venturi attachment there was quite a rapid drop which was a little more marked when the hightr source pressure was used. This could be accounted for by the expansion of gases issuing from the needle.
Thus spontaneous ventilation methods are preferable for prolonged bronchoscopy if heat loss is to be minimized.
Another disadvantage of high pressure inflation is the possibility of blowing foreign bodies further down the respiratory tract.
The clinical cases studied demonstrated several interesting points:
(1) That adequate ventilation occurred with spontaneous ventilation under gammahydroxybutyrate and methoxyflurane anaesthesia, and that the addition of 3 litres/minute of oxygen down the sidearm produced adequate oxygenation. (2) That the v8nturi attachment using 20 psi source pressure produced adequate ventilation (below normal PaC0 2 ). (3) When air was used to produce the venturi Pa0 2 fell, but the addition of 3 litres! minute of oxygen down the side-arm corrected this. (4) The application of suction prevented inflation during the inflation phasesuction should therefore be applied for minimal periods.
The adequacy of ventilation can be assessed clinically by matching chest movements and listening to the air entry with a praecordial stethoscope. Ideally, the apparatus should have a means of varying source pressure so that any necessary adjustments can be made easily. Alternatively, because pressure = flow xresistance, and resistance is fixed, a flmvmeter calibrated to measure high enough gas flows could be used.
CONCLUSIONS
When ventilation during bronchoscopy in children is produced by intermittent inflation from a higll-pressure gas source, the pressure should be limited. Twenty pounds/square inch appears to produce adequate ventilation. This will minimize the possibility of complications such as pneumothorax.
A variable pressure-reducing valve with a pressure gauge should ideally be used between the source and bronchoscopic inlet.
The disadvantages of the technique are the associated heat loss and fall in body temperature, and the possibility of blowing foreign bodies further down the respiratory tract.
The techniques using a high-pressure gas source applied intermittently if used as recommended above, solve most of the problems of ventilation during bronchoscopy in the paralysed child.
